Biochemical and functional discrimination of platelet-derived growth factor alpha and beta receptors in BALB/c-3T3 cells.
Three biologically active isoforms of platelet-derived growth factor (PDGF) exist: PDGF-AB, the predominant form in human platelets; PDGF-BB, the product of the c-sis protooncogene; and PDGF-AA. PDGF-BB and PDGF-AB interact with two distinct PDGF receptors (termed alpha and beta) of similar size, whereas PDGF-AA binds alpha receptors only. To dissect alpha and beta receptor-mediated signals, we compared the biological activities of PDGF-AA and PDGF-BB in density-arrested BALB/c-3T3 cells, which possess a 4:1 ratio of beta to alpha receptors, and assessed the contribution of alpha receptors to PDGF-BB- and PDGF-AB-induced responses. In addition, we describe a convenient method for resolving alpha and beta receptors on one-dimensional protein gels. This protocol involves treatment of cells with neuraminidase, a desialylating agent, and subsequent in vitro autophosphorylation of solubilized cells, and was used to monitor the presence or absence of alpha and beta receptors under various experimental conditions. Our data show that although higher concentrations were required, PDGF-AA stimulated DNA synthesis to the same extent as did PDGF-BB. Both isoforms induced inositol phosphate formation, epidermal growth factor transmodulation, and PDGF receptor autophosphorylation; PDGF-AA, however, was less effective than was PDGF-BB even at doses causing maximal mitogenesis. Pretreatment of cells with PDGF-AA for 30-60 min at 37 degrees C effectively down-regulated alpha receptors as verified by the absence of desialylated alpha receptor phosphorylation. Depletion of alpha receptors did not affect the capacity of PDGF-BB or PDGF-AB to activate the beta receptor tyrosine kinase, as assessed by tyrosine phosphorylation of an endogenous substrate, or stimulate the formation of inositol phosphates. We suggest that alpha and beta receptors independently mediate similar biological responses in BALB/c-3T3 cells, and that alpha receptors are not required for responses induced by PDGF-BB or PDGF-AB.